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(57) ABSTRACT

A method for regulating hair growth 1s provided which com-
prises administering, to a subject in need thereot, dodecylcar-
bomoylmethyltrimethylammonium chloride and/or a com-
pound of salt thereof selected from 2-dimethylamino-N-
cthyl-acetamide, 2-dimethylamino-N-(2-{2-[2-(2-
dimethylamino-acetylamino)-ethoxy]-ethoxy } -ethyl)-
acetamide, 2-dimethylamino-N-[ 8-(2-dimethylamino-
acetylamino)-octyl]-acetamide, 2-dimethylamino-N-[2-(2-
{2-[2-(2-dimethylamino-acetylamino)-ethoxy]-ethoxy } -
cthoxy)-ethyl]-acetamide, 2-dimethylamino-N-[12-(2-
dimethylamino-acetylamino)-dodecyl]-acetamide, and
2-dimethylamino-N-[4-(2-dimethylamino-acetamino)-bu-
tyl]acetamide.
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1
HAIR GROWTH REGULATING AGENT

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a hair growth regulating,
agent.

BACKGROUND OF THE INVENTION

From the viewpoint of biology, head hair and body hair are
tissues that protect important organs and body parts, such as
the head, breast, and limbs. However, 1in recent years, there
has been an increasing tendency that little body hair on par-
ticular body parts (e.g., limbs) 1s considered favorable from
the viewpoint of aesthetic appearance.

Removal of body hair 1s performed through, for example, a
mechanical removal method using a shaver, a hair remover, or
the like, or a chemical removal method using an epilation or
depilation agent. However, such body hair removal methods
may involve physical or chemical stimulation of the skin, and
1s not yet satisfactory in terms of hair growth regulating
cifect. In addition, the methods require a retreatment for body
hair removal after the elapse of a certain period of time. Thus,
demand has arisen for reducing the frequency of body hair
removal treatments.

Patent Document 1 discloses a method of reducing hair
growth including topical application of a composition con-
taining a-difluvoromethylormithine and a penetration
enhancer. However, Patent Document 1 does not describe
data showing that the composition actually reduces hair

growth.
Patent Document 1: WO 03/086331 pamphlet

SUMMARY OF THE INVENTION

The present invention provides a hair growth regulating
agent containing, as an active ingredient, a compound repre-
sented by the following formula (I):

(D

[wherein R, represents a substituted or unsubstituted, linear
or branched C2 to C235 alkyl group; a group represented by the
following formula (II):

(1)

(wherein R, ' represents a substituted or unsubstituted, linear
or branched C2 to C20 alkylene group, or —(CH,),-{O—
(CH,),,},—0O—(CH,),— in which each of n, m, o, and p is
an 1teger from 1 to 6; X' represents —CO—NH—,

O—CO—0O—, —NH—CO—, —CO—0—,

O—CO—, or—O—; Y' represents a substituted or unsub-
stituted C1 to C4 alkylene group; R,' represents a hydrogen
atom or aC1 to C4 alkyl group; R,' represents a C1 to C4 alkyl
group; and when R," and R,' each represent a C1 to C4 alkyl
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group, the two alkyl groups may be 1dentical to or different
from each other); or a group represented by the following

formula (I1I):

(I11)
]Tﬁl_’

AR —N'—Y' —X'—R, —

R¢'

(wherein R,', X', and Y' have the same meanings as defined
above; R,', R.', and R,', which may be identical to or different
from one another, each represent a C1 to C4 alkyl group; and
A'" represents a counter 10n);

X represents —CO—NH—, —O—CO—0—,
cCO—, —CO—0— —0—-CO—, or—0—;

Y represents a substituted or unsubstituted C1 to C4 alky-
lene group;

R, represents a hydrogen atom or a C1 to C4 alkyl group;

R, represents a C1 to C4 alkyl group; and

when R, and R, each represent a C1 to C4 alkyl group, the
two alkyl groups may be i1dentical to or different from each
other] or a salt of the compound; and/or

a quaternary ammonium salt represented by the following

formula (IV):

NH—

(IV)
)

RI—X_Y_N+—R5‘A_

R

(wheremn R, X, and Y have the same meamngs as defined
above; R4, R;, and R, which may be 1dentical to or different
from one another, each represent a C1 to C4 alkyl group; and
A" represents a counter 1on).

The present invention also provides a cosmetic composi-
tion for depilation and/or epilation comprising the hair
growth regulating agent.

The present invention also provides a method for regulat-
ing hair growth, comprising administering the aforemen-
tioned compound or a salt thereof and/or the atorementioned
quaternary ammonium salt to a subject 1n need thereof.

The present invention also provides use of the aforemen-
tioned compound or a salt thereot and/or the atlorementioned
quaternary ammonium salt for producing a hair growth regu-
lating agent.

The present invention also provides use of the aloremen-
tioned hair growth regulating agent for producing a cosmetic
composition for depilation and/or epilation.

PREFERRED EMBODIMENT FOR CARRYING
OUT THE INVENTION

The present mventors have conducted extensive studies,
and as a result have found that compounds represented by the
alorementioned formulas exhibit hair growth regulating
activity. The present mnvention provides a hair growth regu-
lating agent containing a compound represented by the afore-
mentioned formulas as an active ingredient. According to the
present invention, there 1s provided a hair growth regulating
agent exhibiting satisfactory hair growth regulating effect.
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The present invention will next be described 1n detail.

The hair growth regulating agent of the present invention
contains a compound represented by formula (I) or a salt
thereot, and/or a quaternary ammonium salt represented by
formula (IV). The hair growth regulating agent of the present
invention exhibits an effect of regulating growth of hair, such
as body hair (e.g., unwanted hair). As used herein, the expres-
sion “hair growth regulating effect” refers to both a hair
growth suppressing eflect and an epilation facilitating effect.
Particularly, the hair growth regulating agent of the present
invention can act on hair (e.g., hair follicles) in the anagen
phase (e.g., one-month-old hair to five-year-old hair) and
inhibit the growth thereot, to thereby suppress hair growth.

The linear or branched C2 to C25 alkyl group represented
by R, 1n formula (I) or (IV) 1s a linear or branched alkyl group
having 2 to 25 carbon atoms. Examples of the linear or
branched C2 to C25 alkyl group include ethyl, n-propyl,
1-propyl, n-butyl, 1-butyl, sec-butyl, t-butyl, n-pentyl,
n-hexyl, 2-ethylhexyl, n-heptyl, n-octyl, n-nonanyl, n-decyl,
trimethyldecyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetrade-
cyl, n-pentadecyl, n-hexadecyl, n-heptadecyl, n-octadecyl,
methylheptadecyl (methyl-branched 1sostearyl), n-nonade-
cyl, n-icosyl, n-henicosanyl, n-docosanyl, n-tricosanyl, n-tet-
racosanyl, and n-pentacosanyl. Preferred are linear or
branched C6 to C20 alkyl groups, such as n-hexyl, 2-ethyl-
hexyl, n-heptyl, n-octyl, n-nonanyl, n-decyl, trimethyldecyl,
n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl,
n-hexadecyl, n-heptadecyl, n-octadecyl, methylheptadecyl
(methyl-branched i1sostearyl), n-nonadecyl, and n-i1cosyl.

Alternatively, R, 1n formula (I) or (IV) 1s a group repre-
sented by formula (II) or (I1I).

The linear or branched C2 to C20 alkylene group repre-
sented by R,' 1n formula (II) or (III) 1s a linear or branched
alkylene group having 2 to 20 carbon atoms. Examples of the
linear or branched C2 to C20 alkylene group include ethyl-
ene, trimethylene, tetramethylene, pentamethylene, hexam-
cthylene, heptamethylene, octamethylene, nonamethylene,
decamethylene,  undecamethylene,  dodecamethylene,
tridecamethylene, tetradecamethylene, pentadecamethylene,
hexadecamethylene, heptadecamethylene, octadecamethyl-
ene, nonadecamethylene, icosadecamethylene, methylethyl-
ene, ethylethylene, propylene, and propenylene. Preferred are
linear or branched C2 to C16 alkylene groups, such as ethyl-
ene, trimethylene, tetramethylene, pentamethylene, hexam-
cthylene, heptamethylene, octamethylene, nonamethylene,
decamethylene,  undecamethylene,  dodecamethylene,
tridecamethylene, tetradecamethylene, pentadecamethylene,
hexadecamethylene, methylethylene, ethylethylene, and pro-
pvlene. Alternatively, R,' mn formula (II) or (III) 1s
—(CH,),—0—(CH,),,,} —O—(CH,),— in which each of
n, m, o, and p 1s an integer from 1 to 6, preferably, each of n,
m, and p1s 2, and o 1s 1.

In formula (II) or (III), X' represents —CO—NH—,

O0—CO—0—, —NH—CO—, —CO—0O—,

O—CO—, or —O—, and 1s preferably —CO—NH—.

The C1 to C4 alkylene group represented by Y' in formula
(II) or (IIT) includes a methylene group, an ethylene group, a
propylene group, and a butylene group, and preferably a
methylene group.

In formula (II), R,' represents a hydrogen atom or a C1 to
C4 alkyl group, and R ' represents a C1 to C4 alkyl group. In
tormula (III), each of R,", R.', and R/ represents a C1 to C4
alkyl group. Examples of the C1 to C4 alkyl group include
methyl, ethyl, propyl, and butyl. When R,' and R;' each
represent a C1 to C4 alkyl group, the two alkyl groups may be
identical to or different from each other, and R,', R.', and R’
may be identical to or different from one another.
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Examples of the counter 1on represented by A'™ in formula
(III) include a halogen 10n, a carboxylate 10n, a sulfonate 10n,
a sulfate 1on, and a nitrate 1on. Preferred are a halogen 1on and
a carboxylate 1on. Examples of the halogen 1on include fluo-
rine 10n, chlorine 10on, bromine 1on, and 10dine 1on. Examples
of the carboxylate 1on include formate 10n, acetate 1on, pro-
pionate 1on, fumarate 10n, and malate 10n.

In formula (I) or (IV), X represents —CO—NH—,

O0O—CO—0O—, —NH—CO—, —CO—0—,

O—CO—, or —O—. When R, 1s a linear or branched C2
to C25 alkyl group, X 1s preferably —CO—NH—or—NH—
CO—, whereas when R, 1s a group represented by formula
(II) or (III), X 1s preterably —NH—CO—.

Examples of the C1 to C4 alkylene group represented by Y
in formula (I) or (IV) include methylene, ethylene, propylene,
and butylene. When R 1s a linear or branched C2 to C25 alkyl
group, Y 1s prelerably a methylene group or an ethylene
group, whereas when R, 1s a group represented by formula
(II) or (III), Y 1s preferably a methylene group.

In formula (I), R, represents a hydrogen atom or a C1 to C4
alkyl group, and R, represents a C1 to C4 alkyl group. In
formula (IV), each of R, R;, and R, represents a C1 to C4
alkyl group. Examples of the C1 to C4 alkyl group include
methyl, ethyl, propyl, and butyl. When R, and R each repre-
sent a C1 to C4 alkyl group, the two alkyl groups may be
identical to or different from each other, and R, R, and R
may be 1dentical to or different from one another.

The counter 1on represented by A™ in formula (IV) includes
the same as those of the aforementioned counter 1on A'™.

The C2 to C25 alkyl group represented by R, 1n formula (I)
or (I1V), the C1 to C4 alkylene group represented by Y 1n
formula (I) or (IV), the C2 to C20 alkylene group represented
by R," 1n formula (II) or (III), or the C1 to C4 alkylene group
represented by Y' in formula (II) or (III) may be substituted
with one or more substituents. Examples of such a substituent
include a halogen atom, a hydroxyl group, an alkoxyl group,
an acyl group, an optionally protected amino group, and a
heterocyclic group. Examples of the halogen atom include a
chlorine atom, a bromine atom, and an 10dine atom. The
alkoxyl group 1s preferably a C1 to C12 alkoxyl group,
including a methoxy group, an ethoxy group, and an 1sopro-
poxy group. The acyl group i1s preferably a Cl1 to CI12
alkanoyl group, including a formyl group, an acetyl group, a
propionyl group, or a butyryl group. Examples of the option-
ally protected amino group include an amino group, an acy-
lamino group, an alkylamino group, and a dialkylamino
group. The heterocylic group 1s preferably, for example, a 5-
to 14-membered monocyclic or condensed cyclic group con-
taining one to three nitrogen atoms, oxygen atoms, and/or
sulfur atoms as hetero atoms, including a pyridyl group, a
pyridazinyl group, a furyl group, a thienyl group, an indolyl
group, a thiazolyl group, an imidazolyl group, a benzoturyl
group, or a benzothienyl group.

Examples of salts of the compound represented by formula
(I) (excluding the case where R, 1s a group represented by
tormula (III)) include 1norganic acid salts such as hydrochlo-
ride, sulfate, phosphate, hydrobromide, hydroiodide, nitrate,
pyrosuliate, and metaphosphate; organic acid salts such as
citrate, benzoate, acetate, propionate, fumarate, maleate, and
sulfonate (e.g., methanesulionate, p-toluenesulionate, or
naphthalenesulionate); and amino acid salts such as
glutamate and aspartate.

Preferred examples of the compound represented by for-
mula (I) or a salt thereof or the quaternary ammonium salt
represented by formula (IV) includes 2-dimethylamino-ethyl
dodecanoate, 2-dimethylamino-N-dodecyl-acetamide, dode-
cyl dimethylaminoacetate, (2-dodecyloxy-ethyl)-dimethy-
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lamine, dodecanoic acid (2-dimethylaminoethyl)-amide,
2-dimethylamino-N-ethyl-acetamide, dodecylcarbamoylm-
cthyltrimethylammonium chloride, bis-(2-dimethylamino-
cthyl)pentanedioate dihydrochloride, 2-dimethylamino-IN-
(2-12-[2-(2-dimethylamino-acetylamino)-ethoxy]-ethoxy} -
cthyl)-acetamide, 2-dimethylamino-N-[8-(2-
dimethylamino-acetylamino )-octyl]-acetamide,
2-dimethylamino-N-[2-(2-{2-[2-(2-dimethylamino-acety-
lamino)-ethoxy]-ethoxy }-ethoxy)-ethyl]-acetamide, 2-dim-
cthylamino-N-[12-(2-dimethylamino-acetylamino)-dode-
cyl]-acetamide, and 2-dimethylamino-N-[4-(2-
dimethylamino-acetamino)-butyl]-acetamide.

The compound represented by formula (I) or the salt
thereot, or the quaternary ammonium salt represented by

formula (IV) may be produced through, for example, the
method described in Izv. Vyssh. Ucheb. Zaved., Khim. Khim.

Tekhnol., 14 (9), 1369 (1971); for example, by reacting cho-
line chloride with a fatty acid chloride under a stream of
nitrogen.

A hair growth regulating composition may be produced
through a customary method by appropriately mixing the hair
growth regulating agent of the present invention with, 1n
consideration of the intended use of the composition, any
component generally used in cosmetic compositions, quasi
drugs, drugs, or the like (e.g., a humectant, powder, a gelation
agent, a thickener, a surfactant, an emulsifier, an anti-inflam-
matory agent, an antioxidant, a pH-adjusting agent, a chelat-
ing agent, a preservative, a dye, or a perfume), or a component
exhibiting a hair growth controlling effect or an epilation
elfect (e.g., a keratolytic agent, or thioglycolic acid or a salt
thereol). Examples of the keratolytic agent include lactic
acid, Bioplase, salicylic acid, glycolic acid, citric acid, malic
acid, sulfur, resorcin, thioxolone, selenium disulfide, and
urea. Examples of the thioglycolic acid salt include a sodium
salt, a potassium salt, a calctum salt, an ammonium salt, and
salts of alkanolamines such as monoethanolamine, diethano-
lamine, and triethanolamine. Preferred 1s calcium thioglyco-
late.

The hair growth regulating agent of the present invention
may be incorporated into a pharmaceutical agent for skin
external use or a cosmetic composition. No particular limita-
tion 1s imposed on the pharmaceutical agent for skin external
use, and examples thereol include external-use agents for
application, spraying, plastering, etc., such as lotion, emul-
s101, suspension, cream, ointment, stick, sheet, and patch. No
particular limitation 1s imposed on the cosmetic composition,
but the composition 1s preferably a cosmetic composition
relating to depilation, epilation or shaving. Specific examples
of such a cosmetic composition include depilation agents 1n
the form of, for example, paste, cream, or aerosol; epilation
agents 1n the form of, for example, wax, gel, or sheet; post-
treatment compositions (€.g., lotion and cream) used for treat-
ment after depilation or epilation; antiperspirant or deodorant
cosmetic compositions (e.g., deodorant lotion, deodorant
powder, deodorant spray, and deodorant stick); pre-shave
compositions (e.g., pre-shave lotion); shaving compositions
(e.g., shaving cream); and after-shave compositions (e.g.,
alter-shave lotion).

The compound represented by formula (I) and/or the qua-
ternary ammomium salt represented by formula (IV) 1s 1ncor-
porated into the hair growth regulating agent of the present
invention i an amount of, for example, 0.0001 to 20 wt.%,
preferably 0.001 to 5 wt.%.

The amount of the hair growth regulating agent of the
present mvention to be applied to a subject 1n need thereof
may depend on the density or amount, or other conditions of
body hair of the subject. For example, the hair growth regu-
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lating agent of the present invention may be applied once or
several times a day, at the amount of 0.001 to 1,200 mg,
preferably 0.01 to 300 mg, as the weight of the compound
represented by formula (I) and/or the quaternary ammonium
salt represented by formula (IV)

As described above, the agent of the present invention
inhibits the growth of hair, thereby exhibiting excellent hair
growth suppressing effect, with high safety to the human
body. Particularly, the effect of the agent of the present inven-
tion 1s prominent for hair 1n the anagen phase, between one-
month to five-years.

EXAMPLES

The present invention will next be described in more detail
by way of examples.

Example 1
Synthesis of Compounds of the Present Invention

In the following formulas (V) to (XVII), “-Me” represents
a methyl group.
1) Synthesis of 2-Dimethylamino-Ethyl Dodecanoate (Here-
inafter May be Referred to as “Compound 17)

Compound 1 represented by the following formula (V):

was synthesized as follows.

Dimethylaminoethanol (10 g, 11.2 mmol) and chloroform
(20 mL) were added to a 50-mL three-necked flask, and the
mixture was stirred and cooled to 5° C. 1n an ice bath. Sub-
sequently, lauroyl chloride (2.5 g, 11.2 mmol) was added
dropwise to the mixture over 20 minutes. The resultant mix-
ture was stirred 1n an 1ce bath for 0.5 hours and further stirred
at room temperature for two hours, and then reaction was
completed.

Sodium hydrogencarbonate (1.0 g, 11.8 mmol) and 10n-
exchange water (10 mL) were added to the resultant reaction
mixture, and the mixture was stirred at room temperature for
one hour, followed by removal of the aqueous layer. The
organic layer was washed with saturated brine (10 mL) and
then concentrated under reduced pressure, to thereby yield an
o1ly reaction mixture (1.4 g).

The thus-obtained reaction mixture was subjected to silica
gel column chromatography (silica gel 60, 30 g), and elution
was carried out with a solvent mixture of chloroform and
methanol (chloroform:methanol=100:1 to 1:1), followed by
concentration, to thereby vield compound 1 as a colorless,
transparent o1ly product (1.2 g, yield: 78.8%).

The thus-obtained compound 1 was subjected to nuclear
magnetic resonance (NMR) spectral analysis and infrared
absorption (IR) spectral analysis. The results are shown
below.

NMR (MeOH-d,): 0.90 (t, 3H, J=7 Hz), 1.18-1.40 (m,
16H), 1.55-1.70 (m, 2H), 2.28 (s, 6H), 2.32 (t, 2H, J=7 Hz),
2.60 (t, 2H, J=6 Hz), 4.18 (t, 2H, J=6 Hz) ppm

PC-NMR (MeOH-d,): 14.5, 23.7, 25.9, 30.2, 30.4, 30.5,
30.6, 30.7,33.1, 34.9, 45.8, 58.6, 62.6, 174.9 ppm

IR (NaCl): 3316,2932,2810,2780,2730,1742,1154cm™"




US 8,440,717 B2

7

2) Synthesis of 2-Dimethylamino-N-Dodecyl-Acetamide
(Hereinaiter May be Reterred to as “Compound 2”)

Compound 2 represented by the following formula (VI):

(VD)

O P\l/[e
N
N)‘k/ \'Me
H

was synthesized as follows.

N,N-Dimethylglycine methyl ester (1.50 g, 12.8 mmol)
was added to n-dodecylamine (1.00 g, 5.4 mmol), and the
mixture was stirred at 150 to 160° C. for 5.5 hours. Then,
reaction was completed.

After the reaction mixture had been left to cool, ethyl
acetate (70 mL) and n-hexane (30 mL) were added to the
mixture, and msoluble matter was filtered, followed by con-
centration, to thereby vield an o1ly product (1.4 g).

The thus-obtained oily product was subjected to column
chromatography, and elution was carried out with a solvent
mixture of chloroform and methanol, to thereby yield com-

pound 2 as a pale yellow oily product (1.27 g, yvield: 87.0%).

The thus-obtained compound 2 was subjected to NMR
spectral analysis and IR spectral analysis. The results are
shown below.

NMR (DMSO-dy) o: 0.84 (t, 3H, J=6 Hz), 1.12-1.40 (m,
20H), 2.17 (s, 6H), 2.80 (s, 2H), 3.04 (q, 2H, =7 Hz), 7.677 (X,
1H, J=6 Hz) ppm

IR (ATR): 2923, 2853, 2777, 1660, 1520 cm™"

3) Synthesis of Dodecyl Dimethylaminoacetate (Hereinafter
May be Reterred to as “Compound 3”)

Compound 3 represented by the following formula (VII):

(VID)

O P\lfle
N
0)‘\/ \ME

was synthesized as follows.

N,N-Dimethylglycine methyl ester (1.00 g, 5.6 mmol) and
28% sodium methoxide (0.11 g, 0.6 mmol) were added to
n-dodecanol (3.16 g, 17.0 mmol), and the mixture was stirred
at 140 to 150° C. for 2.5 hours. Then, reaction was completed.

After the reaction mixture had been left to cool, the mixture
was subjected to extraction with ethyl acetate (70 mL), fol-
lowed by washing with water, and concentration under
reduced pressure, to thereby yield an oily product (3.6 g).

The thus-obtained oily product was subjected to column
chromatography, and elution was carried out with a solvent
mixture of ethyl acetate and n-hexane, to thereby yield com-
pound 3 as a pale yellow oily product (1.18 g, yield: 77.6%).

The thus-obtained compound 3 was subjected to NMR
spectral analysis and IR spectral analysis. The results are
shown below.

NMR (DMSO-dy) o: 0.84 (t, 3H, J=7 Hz), 1.13-1.32 (m,
18H), 1.54 (qn, 2H, J=7 Hz), 2.22 (s, 6H), 3.12 (s, 2H), 4.01
(t, 2H, J=7 Hz) ppm

IR (ATR): 2924, 2853, 2771, 1736, 1465 cm™"

10

15

20

25

30

35

40

45

50

55

60

65

8

4) Synthesis of (2-Dodecyloxy-Ethyl)-Dimethylamine
(Hereinafter May be Retferred to as “Compound 47)
Compound 4 represented by the following formula (VIII):

(VIII)
Me

|
Me”™ N\/\O/\/\/\/\/\/\

was synthesized as follows.

60% Sodium hydride (0.47 g, 11.2 mmol) was added to a
four-necked flask, and dry tetrahydrofuran (50 mL) was
added thereto at room temperature under a stream ol nitrogen,
followed by stirring. To the mixture was added dropwise a
solution of dimethylaminoethanol (1.00 g, 11.2 mmol) solved
in dry tetrahydrofuran (10 mL) over 20 minutes.

Twenty minutes after dropwise addition, a solution of
1-bromododecane (2.80 g, 11.2 mmol) solved in dry tetrahy-
drofuran (5 mL) was added dropwise to the resultant mixture
over five minutes. After completion of dropwise addition, the
resultant mixture was heated to 50° C. and stirred for four
hours, and then reaction was completed.

After the reaction mixture had been left to cool, 10n-ex-
change water (20 mL) was added to the mixture, and the
mixture was thoroughly stirred. Thereafter, ethyl acetate (100
ml) was added to the mixture for extraction. After washing
with water, concentration was carried out under reduced pres-
sure, to thereby yield an oily product (2.68 g).

The thus-obtained oi1ly product was subjected to column
chromatography, and elution was carried out with a solvent
mixture of chloroform and methanol, to thereby yield com-
pound 4 as a transparent o1ly product (1.38 g, vield: 47.9%).

The thus-obtained compound 4 was subjected to NMR
spectral analysis and IR spectral analysis. The results are
shown below.

NMR (CDCl,) 6:0.88 (t, 3H, J=7 Hz), 1.16-1.54 (m, 18H),
1.58 (gqn, 2H, =6 Hz), 2.27 (s, 6H), 2.50 (t, 2H, J=6 Hz), 3.42
(t, 2H, J=7 Hz), 3.51 (t, 2H, J=6 Hz) ppm

IR (ATR): 2956, 2915, 2850, 1470, 1120 cm™"

5) Synthesis of Dodecanoic Acid (2-Dimethylaminoethyl)-
Amide (Heremnatter May be Referred to as “Compound 5”)

Compound 3 represented by the following formula (IX):

(1X)
Me O

| )J\/\/\/'\/\/\
N
Me/ \/\g

was synthesized as follows.

N,N-Dimethylethylenediamine (1.00 g, 11.3 mmol) was
dissolved 1n chloroform (50 mL ), and the solution was cooled
to 5° C. Subsequently, dodecyl chloride (2.45 g, 11.2 mmol)
was added dropwise to the solution over 10 minutes.

After completion of dropwise addition, the resultant mix-
ture was heated to room temperature and stirred for two hours,
and then reaction was completed. After completion of reac-
tion, the reaction mixture was concentrated under reduced
pressure, and then the residue was subjected to extraction
with ethyl acetate (150 mL). After completion of extraction,
washing was carried out with saturated aqueous sodium
bicarbonate solution (50 mL), and then with saturated brine
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(50 mL), followed by concentration under reduced pressure,
to thereby yield a white solid (2.99 g).

Ion-exchange water (13 mL) was added to the thus-ob-
tained white solid, and the mixture was stirred at 60° C. for 30
minutes. Insoluble matter was filtered, and then the filtrate
was cooled to 5° C. After cooling, the resultant crystals were
filtered, followed by drying at 40° C. for 12 hours, to thereby
yield compound 5 as white crystals (2.45 g, yield: 79.5%).

The thus-obtained compound 5 was subjected to NMR

spectral analysis and IR spectral analysis. The results are
shown below.

NMR (DMSO-d,) d: 0.84 (t, 3H, J=7 Hz), 1.12-1.32 (m,
16H), 1.44 (gn, 2H, J=7 Hz), 2.02 (t, 2H, J=7 Hz), 2.12 (s,
6H), 2.23 (t, 2H, J=6 Hz), 3.10 (q, 2H, J=6 Hz), 7.68 (1, 1H,
J=7 Hz)

IR (ATR): 2916, 2847, 2820, 1637, 1550 cm™"

6) Synthesis of 2-Dimethylamino-N-Ethyl-Acetamide
(Hereinafter May be Referred to as “Compound 6™)
Compound 6 represented by the following formula (X):

(X)

was synthesized as follows.

N,N-Dimethylglycine (0.8 g, 6.8 mmol) was dissolved 1n
70% aqueous ethylamine solution (5.7 g, 68 mmol), and the
solution was sealed 1n a hermetic container. The solution was
stored at 5° C. for three days, and then the solution was
concentrated under reduced pressure, to thereby yield an oily
product. The oi1ly product was subjected to column chroma-
tography, and elution was carried out with a solvent mixture
of chloroform and methanol, to thereby yield compound 6 as
a transparent o1ly product (0.84 g, vield: 94.4%).

The thus-obtained compound 6 was subjected to NMR
spectral analysis and IR spectral analysis. The results are
shown below.

NMR (DMSO-d;) o: 0.99 (t, 3H, J=7 Hz), 2.20 (s, 6H),
2.80 (s, 2H), 3.10 (q, 2H, J=7 Hz), 7.73 (br.s, 1H)

IR (ATR): 2973, 2824, 2778, 1651, 1522 cm™*

7) Synthesis of Dodecylcarbamoylmethyltrim-
cthylammonium Chloride (Heremafter May be Referred to as
“Compound 7”)

Compound 7 represented by the following formula (XI):

(XD)

Me O
Me |
- N+
Me %i
«CI”

was synthesized as follows.

n-Dodecylamine (60.0 g, 0.32 mol) was dissolved in chlo-
roform (900 mL), and triethylamine (43.2 g, 0.43 mol) was
added to the solution, followed by cooling to —50° C. At this
temperature, chloroacetyl chloride (40.2 g, 35.6 mol) was
added dropwise to the resultant mixture over 30 minutes, and
the mixture was further stirred for one hour without interven-
ing the temperature, allowing the reaction to complete.

Ethanol (100 mL) was added to the reaction mixture, and
ion-exchange water (300 mL) was further added to the mix-
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ture. The mixture was heated to room temperature and then
stirred for 20 minutes. After stirring, the mixture was allowed
to stand still for phase separation. The thus-obtained lower
layer was concentrated, and the residue was subjected to
silica gel column chromatography, followed by elution with a
solvent mixture of chloroform and methanol. After elution,
solvent was removed through evaporation, to thereby yield a
residue (85.3 g).

The thus-obtained residue (60.27 g) was added to a stain-
less steel simple autoclave, and 33% ethanol solution of tr1-
methylamine and ethanol (180 mL) were added thereto, fol-
lowed by hermetic sealing. The autoclave was heated 1n an o1l
bath at 100 to 110° C., and stirring was carried out for five
hours. Then, reaction was completed. After cooling to room
temperature, pressure was released, and the reaction mixture
was concentrated. The resultant residue was subjected to
silica gel column chromatography, and elution was carried
out with a solvent mixture of chloroform and methanol. After
clution, solvent was removed through evaporation, and the
residue was recrystallized from a solvent mixture of ethanol
and n-hexane, to thereby yield compound 7 as white acicular
crystals (53.8 g, yield: 54.3%).

The thus-obtained compound 7 was subjected to NMR
spectral analysis. The results are shown below.

NMR (CDCl,) o: 0.88 (t, 3H, J=7 Hz), 1.25-1.31 (m, 18H),

1.57 (qn, 2H, J=7 Hz),3.25 (q, 2H, J=6 Hz),3.49 (s, 9H), 4.70
(s, 2H), 9.22 (t, 1H, J=5 Hz)
8) Synthesis of Bis-(2-Dimethylamino-Ethyl)Pentanedioate
Dihydrochloride (Hereinafter May be Referred to as “Com-
pound 8”)

Compound 8 represented by the following formula (XII):

(XII)
Me O O Me

PO OU P
N N .
Me” ~o N O O/\/ Mo 2HCI

was synthesized as follows.

Dimethylaminoethanol (2.0 g, 22.4 mmol) and chloroform
(50 mL) were added to a 100-mL three-necked tlask, and the
mixture was cooled to 5° C. 1n an ice bath. Subsequently,
diglycolyl chlonide (2.0 g, 11.2 mmol) was added dropwise to
the flask over five minutes. The resultant mixture was stirred
in an 1ce bath for 0.5 hours, and then precipitation of white
solid was observed. Subsequently, stirring was further carried
out at room temperature for one hour, and then reaction was
completed.

n-Hexane (100 mL) was added to the resultant reaction
mixture, and the mixture was stirred for 10 minutes, followed
by filtration. Subsequently, the thus-obtained crystals were
reslurry-washed with n-hexane (50 mL), and then drying was
carried out under reduced pressure (60° C., 12 hours), to
thereby yield compound 8 as white powdery crystals (4.0 g,
yield: 96.8%).

The thus-obtained compound 8 was subjected to NMR
spectral analysis and IR spectral analysis. The results are
shown below.

NMR (DMSO-d,): 1.83 (qn, 2H, J=7 Hz), 2.45 (t, 2H, J=7
Hz), 2.78 (s, 6H),3.39 (dd, 2H, J=5.5 Hz), 4.39 (dd, 2H, J=3.5
Hz) ppm

IR (ATR): 2962, 2575, 2458, 1728 cm™"

9) Synthesis of 2-Dimethylamino-N-(2-{2-[2-(2-Dimethy-
lamino-Acetylamino)-Ethoxy]-Ethoxy } -Ethyl)- Acetamide
(Hereinafter May be Retferred to as “Compound 97)
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Compound 9 represented by the following formula (XIII):

(XIIT)

Me O
L §
C
Mo g/\/ \/\O/\/ \[(\If-—f
O Me

was synthesized as follows.

2,2'-(Ethylenedioxy)bisethylamine (2.0 g, 13.5 mmol) and
N,N-dimethylglycine methyl ester (3.2 g, 26.0 mmol) were
added to a 50-mL three-necked flask, and the mixture was
stirred under a stream of nitrogen at 110 to 120° C. for 12
hours. Then, reaction was completed, to thereby yield an o1ly
reaction mixture (4.3 g).

The thus-obtained oily reaction mixture was subjected to
s1lica gel column chromatography (silica gel 60, 130 g), and

clution was carried out with a solvent mixture of chloroform
and methanol (chloroform:methanol=50:1 to 3:1), followed
by concentration, to thereby yield compound 9 as pale yellow
powdery crystals (2.3 g, yield: 54.5%).
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After heating, the autoclave was lett to cool to room tem-
perature, and the resultant mixture was dissolved 1n a mixed
solvent of ethanol (60.0 g) and ethyl acetate (150.0 g). There-
aiter, the solution was washed twice with 5% aqueous sodium
hydrogencarbonate solution (150 mL). The solution was con-

centrated under reduced pressure, and then the residue was

recrystallized from a solvent mixture of acetone and hexane,
followed by drying under reduced pressure at 50° C. for 12
hours, to thereby yield compound 10 as white powdery crys-
tals (40.3 g, yield: 62.0%).

The thus-obtained compound 10 was subjected to NMR
spectral analysis and IR spectral analysis. The results are

shown below.

NMR (DMSO-d,) o0: 1.12-1.30 (m, 8H), 1.37 (qn, 4H, J=6
Hz),2.16 (s, 12H),2.79 (s, 4H), 3.03 (q, 4H, H=6 Hz), 7.68 (X,
2H, 6 Hz) ppm

IR (ATR): 3301, 2853, 2824, 2773, 1655 cm™"

11) Synthesis of 2-Dimethylamino-N-[2-(2-{2-[2-(2-Dim-
ethylamino-Acetylamino)-Ethoxy]-Ethoxy } -Ethoxy)-
Ethyl]-Acetamide (Hereinafter May be Referred to as “Com-
pound 117°)

Compound 11 represented by the following formula (XV):

(XV)

P'i/[e O O P\‘/Ie
N O O N
Me” \)I\g/\/ \/\O/\/ \/\EJ\/ M Me

The thus-obtained compound 9 was subjected to NMR
spectral analysis and IR spectral analysis. The results are

shown below.

NMR (DMSO-d,): 2.19 (s, 12H), 2.84 (s, 4H), 3.25 (q, 4H,
J=6 Hz), 3.43 (t, 4H, J=6 Hz), 3.50 (s, 4H), 7.68 (t, 4H, J=6
Hz) ppm

IR (ATR): 3287, 2944, 2817, 2769, 1655, 1140 cm™"

10) Synthesis of 2-Dimethylamino-N-[8-(2-Dimethylamino-
Acetylamino)-Octyl]-Acetamide (Heremnaiter May be
Referred to as “Compound 107)

Compound 10 represented by the following formula
(XIV):

was synthesized as follows.

1,8-Diaminooctane (29.4 g, 0.20 mol) and N,N-dimethylg-
lycine methyl ester (71.6 g, 0.60 mol) were added to a stain-
less steel (SUS316) simple autoclave (200 mL), followed by

hermetic sealing. The autoclave was heated in an o1l bath at
120 to 125° C. for seven hours.
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was synthesized as follows.

Bis(3-aminoethyl)ether-diethylene glycol (5.0 g, 0.02
mol) was mixed with N,N-dimethylglycine methyl ester (8.0
g, 0.6 mol), and the mixture was stirred under a stream of
nitrogen at 110 to 130° C. for 18 hours. Then, reaction was
completed.

Subsequently, the resultant mixture was added to and dis-
solved 1n ethyl acetate (300 mL ), and the solution was washed
twice with 5% aqueous sodium hydrogencarbonate solution
(50 mL). After concentration under reduced pressure, the
resultant residue was subjected to silica gel column chroma-
tography, and elution was carried out with a solvent mixture
of chloroform and methanol. Thereafter, solvent was
removed through evaporation, to thereby yield compound 11
as a pale yellow oily product (8.1 g, yield: 91.0%).

The thus-obtained compound 11 was subjected to NMR
spectral analysis and IR spectral analysis. The results are
shown below.

NMR (DMSO-d,) &: 1.64 (qn, 4H, J=6 Hz), 2.17 (s, 12H),
2.80 (s, 4H), 3.05 (q, 4H, J=6 Hz), 7.70 (t, 2H, J=6 Hz) ppm

IR (ATR): 3323, 2863, 2824, 2777, 1660, 1098 cm™"

12) Synthesis of 2-Dimethylamino-N-[12-(2-Dimethy-
lamino-Acetylamino)-Dodecyl]-Acetamide (Hereinatter
May be Referred to as “Compound 127)

Compound 12 represented by the following formula

(XVI):
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(XVI)
Me O
PN ¢ Y
c
Me”” N \H/\N"’
. |
O Me

was synthesized as follows. 10 12551-032) supplemented with penicillin/streptomycin

By using 1,12-diaminododecane (35.0 g, 0.18 mol) and
N,N-dimethylglycine methyl ester (61.4 g, 0.53 mol), synthe-
s1s was carried out 1n a manner similar to that described above
in the case of compound 10, to thereby yield compound 12 as
white powdery crystals (49.4 g, yield: 91.7%).

The thus-obtained compound 12 was subjected to NMR
spectral analysis and IR spectral analysis. The results are
shown below.

NMR (DMSO-d;)0:1.12-1.30(m, 16H), 1.37 (qn, 4H, J=6
Hz), 2.16 (s, 12H), 2.80 (s, 4H), 3.04 (q, 4H, J=6 Hz), 7.69 (X,
2H, 6 Hz) ppm

IR (ATR): 3288, 2850, 2816, 2763, 1655 cm™"

13) Synthesis of 2-Dimethylamino-N-[4-(2-Dimethylamino-
Acetamino)-Butyl]-Acetamide (Hereinafter May be
Retferred to as “Compound 137)

Compound 13 represented by the following formula

(XVII):

(XVII)
Me O

was synthesized as follows.

By using 1,4-diaminobutane (1.0 g, 0.01 mol) and N,N-
dimethylglycine methyl ester (4.0 g, 0.03 mol), synthesis was
carried out 1n a manner similar to that described above 1n the
case of compound 10, to thereby yield compound 13 as white
powdery crystals (0.1 g, yield: 5.0%).

The thus-obtained compound 13 was subjected to NMR
spectral analysis and IR spectral analysis. The results are
shown below.

NMR (DMSO-d,) o: 1.37 (t, 4H, J=7 Hz), 2.18 (s, 12H),
2.81 (s, 4H), 3.14 (q, 4H, J=6 Hz), 3.41 (t, 4H, =6 Hz),
3.46-3.56 (m, 8H), 7.74 (t, 2H, 6 Hz) ppm

IR (ATR): 3288, 2847, 2820, 2773, 1650 cm™"

Example 2

Evaluation of the Hair Growth Suppressing Effect of
the Compound of the Present Invention by an Organ
Culture Method Using Porcine Hair Follicles

The skin of a pork pig was cut into pieces of appropnate
size, and excess fat was removed. For disinfection, the skin
pieces were immersed in a Hibitane solution under sterile
conditions for 10 to 20 minutes. The thus-disinfected skin
pieces were washed several times with D-PBS.

Subsequently, hair follicles were 1solated from the thus-
treated skin pieces under a stereomicroscope by means of
tweezers and a scalpel (FEATHER No. 10), and the hair

tollicles were placed on William’s Medium E (Gibco cat. No.
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(Gibco cat. No. 15140-122) solution by 10.
The 1solated hair follicles were transierred to a 24-well
culture plate (one follicle/well) together with the aforemen-

tioned culture medium (400 ul.), and cultured 1n an incubator
(37°C., 3% CO,) for two days. Hair follicle that exhibited an
clongation more than 0.15 mm was employed for evaluation.

Subsequently, compounds synthesized in Example 1 (com-
pounds 2, 6,7, and 9 to 13) were diluted with the atoremen-
tioned culture medium, to thereby prepare sample-containing
media. Each of the thus-prepared sample-containing media
was used for replacement. Similarly, N,N-dimethylglycine
methyl ester (DMG) and 1,8-diaminooctane (1,8-DAQO) were
diluted with the aforementioned culture medium, to thereby
prepare sample-contaiming media. Each of the thus-prepared
sample-containing media was also used for replacement.

The medium for culture of hair follicles was replaced with
cach of the sample-containing media, and thereatfter, replaced
with a sample-containing medium every one or two days. At
days five or six after the start of culture with the sample-
containing medium, the elongation of hair follicles (1.¢., elon-
gation of hair) was measured and compared with that of the
control 1 which medium was replaced with only the non-
sample-containing medium. The elongation of hair follicles
(1.e., elongation of hair) in the control medium was taken as
100%.

The sample concentration of each sample-containing
medium was set within a range that the sample 1s completely
dissolved 1n the medium, and at non-cytotoxic levels which
cause no reduction of cell viability with 24-hour addition of
the sample to epidermal cells.

The results are shown in Tables 1 and 2. Table 1 shows
percent growth of hair follicles determined six days after the
start of culture with each of the sample-containing media.
While Table 2 shows percent growth of hair follicles deter-
mined five days after the start of culture with each of the
sample-containing media.

TABL

L1

1

Percent growth of hair follicles at day 6

Percent growth of hair

Sample Concentration follicles (control = 100%)
Compound 9 0.01% 62.4%
Compound 10 0.01% 54.7%
DMG 0.03% 91.8%
1,8-DAO 0.03% 87.9%
TABLE 2
Percent growth of hair follicles at day 5
Percent growth of hair
Sample Concentration follicles (control = 100%)
Compound 2 0.00003% 108.5%
Compound 6 0.003% 91.6%
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TABLE 2-continued

Percent growth of hair follicles at day 5

Percent growth of hair

Sample Concentration follicles (control = 100%)
Compound 7 0.00003% 42.4%
Compound 11 0.003% 97.0%
Compound 12 0.003% 48.7%
Compound 13 0.003% 79.1%

As shown in Tables 1 and 2, compound 7 (0.000030) exhib-

ited the highest suppressive eflect on growth of hair follicles
(1.e., hair growth), which was followed by compound 12
(0.003%), compound 10 (0.01%), compound 9 (0.01%), and

compound 13 (0.003%).

What 1s claimed 1s:

1. A method for regulating hair growth, comprising admin-
1stering, to a subject in need thereot, a compound represented
by the following formula (I):

(D

[wherein R, represents an unsubstituted, linear C2 alkyl
group; or
a group represented by the following formula (II):

(1)

(wherein

R, ' represents an unsubstituted, linear C4, C8 or C12 alky-
lene group, or —(CH,) —{0O0—(CH,) !} —O
(CH,),—mwhicheachofn, m, 0, and p 1s aninteger and
n=2, m=2, o=1 or 2, and p=2;

X' represents —CO—NH—;

Y' represents an unsubstituted C1 alkylene group;

R, ' represents a C1 alkyl group; and

R,' represents a C1 alkyl group)
X represents —NH—CO—;
Y represents an unsubstituted C1 alkylene group;
R, represents a C1 alkyl group; and
R, represents a C1 alkyl group]
or a salt of the compound; and/or
a quaternary ammonium salt represented by the follow-

ing formula (IV):
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(IV)
)

RI_X_Y_N+—R5‘A_

Rg

(wherein R, 1s an unsubstituted, linear C12 alkyl group, X 1s
—NH—CO—,Y 1s an unsubstituted C1 alkylene and R, R,
and R, each represent a C1 alkyl group and A™ represents a
chloride counter 10on).

2. The method for regulating hair growth according to
claim 1, which comprises administering, to a subject 1n need
thereol, a compound selected from the group consisting of

2-dimethylamino-N-ethyl-acetamide,
dodecylcarbamoylmethyltrimethylammonium chlonde,
2-dimethylamino-N-(2-{2-[2-(2-dimethylamino-acety-
lamino)-ethoxy]-ethoxy} -ethyl)-acetamide,
2-dimethylamino-N-[8-(2-dimethylamino-acetylamino)-
octyl]-acetamide,
2-dimethylamino-N-[2-(2-{2-[2-(2-dimethylamino-
acetylamino)-ethoxy]-ethoxy } -ethoxy)-ethyl]-aceta-

2-dimethylamino-N-[12-(2-dimethylamino-acety-
lamino)-dodecyl]-acetamide, and

2-dimethylamino-N-[4-(2-dimethylamino-acetamino )-
butyl]-acetamide.

3. The method for regulating hair growth according to

claim 1, wherein said compound 1s said 2-dimethylamino-N-
cthyl-acetamide.

4. The method for regulating hair growth according to
claim 1, wherein said compound is said dodecylcarbamoyl-
methyltrimethylammonium chloride.

5. The method for regulating hair growth according to
claim 1, wherein said compound 1s said 2-dimethylamino-N-
(2-12-[2-(2-dimethylamino-acetylamino)-ethoxy]-ethoxy } -
cthyl)-acetamide.

6. The method for regulating hair growth according to
claim 1, wherein said compound 1s said 2-dimethylamino-N-
[8-(2-dimethylamino-acetylamino)-octyl]-acetamide.

7. The method for regulating hair growth according to
claim 1, wherein said compound 1s said 2-dimethylamino-IN-
[2-(2-{2-[2-(2-dimethylamino-acetylamino)-ethoxy]-
ethoxy }-ethoxy)-ethyl]-acetamide.

8. The method for regulating hair growth according to
claim 1, wherein said compound 1s said 2-dimethylamino-N-
[12-(2-dimethylamino-acetylamino)-dodecyl]-acetamide.

9. The method for regulating hair growth according to
claim 1, wherein said compound 1s said 2-dimethylamino-IN-
[4-(2-dimethylamino-acetamino)-butyl]-acetamide.

G o e = x
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